Osteoarthritis (OA) is one of the most common joint diseases seen by clinicians and mainly affects patients' knee and hip joints.[@R1] Clinical manifestations of OA include pain, stiffness, and dysfunction of diseased joints as well as joint space narrowing.[@R2] A variety of physiotherapies have been used as treatment of OA, with common approaches including mudpack therapy, balneotherapy, paraffin baths, and hot-pack application.

As a traditional treatment, mudpack therapy has a long history of use in Europe. The mud consists of refined granular organics and inorganics that are rich in minerals. The mud has therapeutic effects that are partially attributed to its thermal conductivity (transferring heat to the joints).[@R3],[@R4] On the other hand, the organics contained in the mud are probably the type of factors that mediate the inflammatory response in the joints.[@R5] When the mud comes into contact with the human body, organic substances can be produced during the metabolic processes of microorganisms. Sulfide glycolipids can be produced by colonized microorganisms, which may be the effective anti-inflammatory substances involved in the therapy.[@R6]

The particular substances contained in the mud vary between regions. Although standards of classification of mudpack therapy have not been established, the efficacy of the therapy in treating OA has been reported frequently.[@R7],[@R8] The local application of hot pack has been recommended by the European League Against Rheumatism to treat hand OA.[@R9] However, this proposition was based on expert opinion alone and the evidence level was reckoned as IV by the European League Against Rheumatism. Although local heat application is generally considered an effective and safe means of relieving pain, evaluating its efficacy is problematic in a blinded controlled design. Considering the larger contacting area, hot pack may exert a better outcome in treating knee OA than hand OA. Luckily, there were more clinical articles of heat pack for knee OA than hand OA. Differences in treatment approaches, duration of treatment, follow-up time, and quality of publication are probably responsible for the different results. Liu et al.[@R10] performed a meta-analysis and did not reach any definite conclusion because of the insufficiency of included literature and the high heterogeneity of combined studies.

So far, there are no published meta-analytic studies that draw a definite conclusion concerning the efficacy of mudpack therapy. This meta-analysis that included the latest randomized controlled trials systematically assessed the efficacy of mudpack therapy in treating knee OA and analyzed possible reasons underlying the high heterogeneity of combined studies.

MATERIALS AND METHODS
=====================

Systematic Literature Search
----------------------------

The meta-analysis was performed according to the guidelines of the PRISMA statement.[@R11] Publications included in Medline (1945-), Embase (1980-), the Cochrane Central Register of Controlled Trials (1970-), and the Cochrane Database of Systematic Reviews and published before November 2014 were searched using two approaches (MeSH terms and free words). The English search words included *mud*, *peloid*, *pelotherapy*, *osteoarthritis*, *degenerative arthritis*, and *osteoarthrosis*. Only English publications were included in this study. The references in each article were used to extend the search range and to identify further relevant publications. Reports of systematic reviews and meta-analyses were searched using the same strategy.

Inclusion and Exclusion Criteria
--------------------------------

All randomized controlled trials that investigated the clinical efficacy of mudpack therapy in treating knee OA were included in this study. Any studies that investigated other treatments for OA but also contained a mudpack therapy group and a control group were also included. Measures for effects of included studies involved relief of knee pain and improvement of joint function. The results of the included studies should be presented as mean (SD) (Table [1](#T1){ref-type="table"}). Studies that did not meet the inclusion criteria were excluded.

###### 

Characteristics of included studies
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Data Extraction
---------------

All related data were extracted and assessed independently by two investigators. The extracted information included the following: sample size of included studies, treatment approaches in therapeutic groups and control groups, treatment cycle, follow-up time, values of tests, quality of the publication, and whether the intention to treat was used in the studies. Inconsistent data were addressed by discussion.

Measures of Effects
-------------------

Measures for effects included relief of pain and improvement of the functions of the diseased knees in patients treated with mudpack therapy. To reduce reporting bias, the measures of pain listed in the highest rank of the Pain-Related Scale List were chosen.[@R18] Measures of pain included visual analog scale scores and the Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) pain scores.[@R19] Functional improvement was assessed using functional scores, including the Lequesne Index and functional scores of WOMAC (WOMAC function). For publications in which both WOMAC function and the Lequesne Index were reported, the WOMAC function was chosen because studies suggest that the score of WOMAC function is more sensitive than the Lequesne Index in monitoring the improvement of symptoms.[@R20]

Quality Assessment of the Publications
--------------------------------------

The modified Jadad quality scale was used to assess the quality of included publications (Table [2](#T2){ref-type="table"}).[@R21] Two investigators independently assessed each selected report and inconsistent opinions were solved by discussion. Assessment included generation of random sequence, allocation concealment, application of blinding, and withdrawals and dropouts. Each study was scored on a scale of 1--7. A study was considered to be of a high quality if the score was 4--7 and low quality if the score was 1--3.

###### 

Methodology quality assessment of included studies by modified Jadad score
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If intention-to-treat analysis was included in a study, the result of intention-to-treat analysis was used in this meta-analysis. For continuous variables, standardized mean difference of measures acted as the effect size (ES) to improve comparability among different results.[@R22] ES was assessed using the magnitude of the standardized mean difference put forward by Cohen.[@R23] Standardized mean difference values of 0.2, 0.5, and 0.8 were considered as small, medium, and large ESs of active therapy compared with placebo. According to the data provided in the included studies, the results at the end of the treatment and the last follow-up visit were chosen. Subgroup analysis was performed according to the types of treatment, follow-up time, treatment approaches, and quality of studies. *I*^2^ was calculated to evaluate the heterogeneity of combined ES estimates.[@R24] *I*^2^ is a value between 0% and 100%, with 25%, 50%, and 75% referring to low, moderate, and high heterogeneity, respectively. The *Q* statistic with significance set at *P* less than 0.05 was used as a second measure of heterogeneity. If heterogeneity was not detected among included studies, a fixed-effects model was used to perform the meta-analysis; otherwise, a random-effects model would be used.[@R25] Publication bias was evaluated using the Egger test.[@R26] All statistical analyses were performed using STATA version 11.0 (Stata Corp, College Station, TX).

RESULTS
=======

The Process of Literature Screening and Literature Characteristics
------------------------------------------------------------------

The process of literature screening is shown in Figure [1](#F1){ref-type="fig"}. Among 108 publications obtained by preliminary screening, 71 were excluded by looking through titles and abstracts of the articles including 59 non-English publications. The remaining 37 publications were screened by reading the full text of the articles. Among them, four studies were excluded because of lack of a placebo control group.[@R27]--[@R30] A further 11 studies that did not meet the inclusion criteria were excluded.[@R31]--[@R41] Four nonrandomized controlled trial studies were excluded[@R42]--[@R45] and three studies were excluded because of insufficient data.[@R46]--[@R48] Five articles were excluded because the subjects were not affected by knee OA.[@R49]--[@R53]
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After screening, 10 studies were included in this meta-analysis, which consisted of 1010 subjects in total.[@R3],[@R4],[@R7],[@R8],[@R12]--[@R17] The year of publication was from 2002 to 2013. The smallest sample size was 27 and the largest was 451. Among the included clinical trials, the shortest duration was 2 wks and the longest was 4 wks. The shortest follow-up time was 2 wks and the longest was 27 mos. There were eight studies in which the treatment approach in the therapeutic group was mudpack therapy alone, and in two studies, the approach was mudpack therapy in combination with hydrotherapy. Four publications were ranked as low quality on the modified Jadad quality scale and another six publications were ranked as high quality.

Meta-Analysis of the Effects of Mudpack Therapy on the Relief of Joint Pain in Knee OA Patients
-----------------------------------------------------------------------------------------------

The effects of mudpack therapy in relieving the joint pain of knee OA were assessed at the final follow-up visits in these studies. As shown in Figure [2](#F2){ref-type="fig"}, the *I*^2^ value from heterogeneity testing of included studies was 83.0% (*Q* = 52.80, *P* \< 0.001), implying the presence of heterogeneity among these studies. Therefore, a random-effects model was applied. The high heterogeneity of the included studies might affect the estimate of ES. Nine studies reported the results of pain relief at the end of the trials (Fig. [3](#F3){ref-type="fig"}). However, no definite conclusion could be reached because of the high heterogeneity of the included studies (*I*^2^ = 85.6%, *Q* = 55.41, *P* \< 0.001).
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The authors attempted to perform subgroup analyses to identify the factors associated with heterogeneity. To evaluate the effects of mudpack therapy in relieving joint pain at the final follow-up visit, subgroup analyses were performed in which the grouping factors were follow-up time (≥4 mos or \<4 mos), treatment approach, and the quality of publications. All of the *I*^2^ values were more than 50% (Table [3](#T3){ref-type="table"}) in subgroup analyses, which suggested that no definite conclusion could be reached based on combined ES. To evaluate the effects of mudpack therapy in relieving joint pain at the end of the clinical trials, subgroup analyses grouping factors were the duration of the trial (≥2 wks or \<2 wks), treatment approach, and the quality of publications (Table [4](#T4){ref-type="table"}). The *I*^2^ values were still high, which suggested that combining ES was inappropriate based on the included studies.
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Subgroup analyses of mudpack therapy in relieving the symptoms of knee OA at the final follow-up visits
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Subgroup analyses of mudpack therapy in relieving the symptoms of knee OA at the end of the trials
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Meta-Analysis of the Effects of Mudpack Therapy in Improving Joint Functions of Knee OA Patients
------------------------------------------------------------------------------------------------

Data on the improvement of joint function at the final follow-up visit were provided in eight studies (Fig. [4](#F4){ref-type="fig"}). The *I*^2^ value of 87.3% (*Q* = 55.15, *P* \< 0.001), which suggested a high heterogeneity among included studies, supported application of the random-effects model. Data on the improvement of joint function at the end of the treatment period were provided in seven studies (Fig. [5](#F5){ref-type="fig"}). However, high heterogeneity (*I*^2^ = 75.0%, *Q* = 23.98, *P* = 0.001) suggested that it was inappropriate to combine ES.
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![The effects of mudpack therapy in improving joint functions of knee OA at the end of the trials.](phm-95-121-g009){#F5}

The process of subgroup analyses was described above. The follow-up time of four studies was less than 4 mos and the combined ES of these four studies was −0.30 (−0.62 to 0.02) (Table [3](#T3){ref-type="table"}). A statistically significant difference and low heterogeneity (*I*^2^ = 21.4%, *Q* = 3.81, *P* = 0.282) suggested that mudpack therapy produced no significant improvement of joint function in knee OA patients within the 4-mo follow-up period. The combined ES of two low-quality studies was −0.03 (−0.48 to 0.42) (Table [3](#T3){ref-type="table"}). Heterogeneity was not detected in these two studies. The result indicated that mudpack therapy produced no significant improvement of joint function in knee OA at the final follow-up visit. The high heterogeneities in other subgroup analyses implied that no definite conclusion could be drawn based on the combined ES (Table [4](#T4){ref-type="table"}).

No publication bias was detected by the Egger test.

DISCUSSION
==========

This meta-analysis investigated the beneficial effects of mudpack therapy on relieving joint pain and improving joint functions of knee OA patients. Ten studies were included in this meta-analysis. High heterogeneity among the included studies suggested that calculating combined ES based on these 10 studies was inappropriate. Therefore, subgroup analyses were performed to find the likely reasons that lead to high heterogeneity. Mudpack therapy is generally used in combination with hydrotherapy. However, hydrotherapy is not necessarily combined with mudpack therapy. There were two included studies in which mudpack therapy was combined with hydrotherapy. A subgroup analysis was performed between mudpack therapy alone and mudpack therapy combined with hydrotherapy. However, the heterogeneity did not change significantly. This indicated that whether mudpack therapy was used alone or in combination with hydrotherapy was not a significant factor associated with the high heterogeneity and highlighted the necessity of including combination therapy.

The duration of follow-up varied between 2 wks and 27 mos and the duration of treatment was between 2 wks and 4 wks. This relatively long time span was one possible reason for the high heterogeneity. Subgroup analysis was based on the duration of follow-up. The combined ES of four studies in which the duration of follow-up was less than 4 mos was −0.30 (−0.62 to 0.02) and was not significantly different from that of the control group. The low heterogeneity (*I*^2^ = 21.4%) among four studies supported the reliability of the combined ES. Based on the above data, within a 4-mo follow-up period, there was no significant difference in the improvement of joint functions of knee OA patients between those who received mudpack therapy and control subjects. Although the combined ES of four studies in which the duration of follow-up was 4 mos or more was −1.10 (−2.07 to −0.14), the high heterogeneity (*I*^2^ = 93.8%) might impair the reliability of the combined ES. High heterogeneity still existed in other subgroup analyses; thus, no conclusions could be drawn based on the combined ES. Group results were attempted according to other time spans but heterogeneity could not be avoided (data not shown).

Among the 10 studies included in this meta-analysis, only 2 applied the double-blind design correctly. A study has shown that low-quality publications often overestimate the efficacy of therapies.[@R54] The modified Jadad quality scale was used to assess the quality of included publications. A meta-analysis conducted by Liu et al.[@R10] showed that mudpack therapy was superior to placebo. Although the same methodological quality scale as Liu et al.'s research was used, there were some discrepancies in assessing the identical included articles. Liu was attempted to be contacted but there was no reply. Considering the discrepancies with Liu et al.'s research, the quality of included articles was assessed repeatedly and has resulted to these outcomes. The authors then performed a subgroup analysis according to the quality of the publications. The combined ES of two low-quality publications was −0.03 (−0.48 to 0.42) and no heterogeneity was detected. This suggested that quality of study is one of the factors that can cause heterogeneity.

There are some limitations to this meta-analysis. First, mudpack therapy is extensively used for treating OA in Europe. However, a number of non--English language publications were not included in this meta-analysis, which is likely to cause bias. Second, the standards for evaluating pain and joint function in the original publications were inconsistent, which is a possible reason for heterogeneity. The authors improved the comparability among the various studies by using the standardized mean difference method. Third, 10 publications were included in this meta-analysis, and more studies will be needed to perform subgroup analyses to identify the factors causing heterogeneity.

CONCLUSION
==========

There was no significant difference in the improvement of joint function over the 4-mo follow-up period between the knee OA patients treated with mudpack therapy and control subjects. The quality of current publications may be one cause of heterogeneity.
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